Inhibition of 3-methylcrotonyl-CoA carboxylase explains the increased excretion of 3-hydroxyisovaleric acid in valproate-treated patients.
Valproic acid (VPA) is a widely used anticonvulsant drug which affects mitochondrial metabolism including the catabolism of fatty acids and branched-chain amino acids. To elucidate the effect of valproate on the leucine pathway through a targeted metabolomics approach and the evaluation of the effects of valproate on the activity of biotinidase and 3-methylcrotonyl-CoA carboxylase (3MCC). Urine organic acid analysis was performed in patients under VPA therapy and healthy controls using gas-chromatography/mass spectrometry (GC-MS). Biotinidase activity was determined in plasma samples of both groups using an optimized spectrophotometric assay. After immunoprecipitation of short-chain enoyl-CoA hydratase (crotonase, ECHS1), 3MCC activity was measured in human liver homogenate using high-performance liquid chromatography (HPLC), in the absence and presence of valproyl-CoA. The levels of 3-hydroxyisovaleric acid (3OH-IVA), one secondary metabolite of the leucine pathway, were significantly elevated in human urine after VPA treatment. Biotinidase activity in plasma samples ranged from very low to normal levels in treated patients as compared with controls. Enzyme activity measurements revealed inhibition of 3-methylcrotonyl-CoA carboxylase by valproyl-CoA (IC(50) = 1.36 mM). Furthermore, we show that after complete immunoprecipitation of crotonase in a human liver homogenate, 3-hydroxyisovaleryl-CoA is not formed. Our results suggest the interference of VPA with the activity of 3MCC through a potential cumulative effect: direct inhibition of the enzyme activity by the drug metabolite valproyl-CoA and the inhibition of biotinidase by valproate and/or its metabolites. These interactions may be associated with the skin rash and hair loss which are side effects often reported in VPA-treated patients.